
1.1 

firmed Se rvices Technical Information Agency 
Reproduced   by 

DOCUMENT SERVICE CENTER 
KHOTT BUILDING, DAYTON, 2, OHID 

This document is the property of the United States Government. It is furnished for the du- 
ration of the contract and shall be returned when no longer required, or upon recall by ASTIA 
to the following address: Armed Servlets Technical Information Agency, 
Document Service   Center,   Knott  Building,   Dayton  2,   Ohio. 

NOTICE;   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTtfER 
TOTlirüSED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINTT^L 
GO/ERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY 
NO RESPONSIBIHTY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT T 

^SEPNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPP 
D DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED 
I'LICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR 
IbON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO M 
If OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED T» 

UNCLASSIFED 



Bum 
REPORT NO. R-1347 

EVALUATION   OF   CANOPY   JETTISON   SYSTEM   PROPOSED 
FOR   USE   IN   B-57B   AIRPLANE 

BY 

J.   E.   Brozek 

PROJECT        TS1-15 

PITMAN-DUNN   LABORATORIES   GROUP 
FRANKFORD   ARSENAL 

Philadelphia,    Pa. 

September   1956 



The data contained in this report are for informational purposes 
only. Under no circumstances will the data be used as the basis for 
any engineering development, design, or installation which involves 
the cartridge actuated devices described herein unless specifically 
authoriaed by the Wright Air Development Center. 

Initial distribution of this report has been made in accordance 
with the distrlNation list contained herein. Additional distribution 
may be made to United States military organizations only, and further 
distribution by them is prohibited. Requests for this report by other 
than military organiaations may be forwarded to the Office, Chief of 
Ordnance, Department of the Army, Washington 25, D. C, Attn: ORDTX-AR 
or Wtight Air Development Center, Wright-Patterson Air Force Base, 
Dayton, Ohio, for approval of release. Bach request will contain a 
firm Justification based on necessity. 

This document contains information affecting the national defense 
of the United States within the meaning of the Espionage Laws, Title 18, 
U. S„ C, Sections 793 and 79A.. The transmission or the revelation of 
its contents in any manner to an unauthorized person is prohibited by 
law. 

CL, 



REPORT   R-1347 

EVALUATION   OF   CANOPY   JETTISON   SYSTEM   PROPOSED 
FOR   USE   IN   B-57B   AIRPLANE 

Project   TS1-15 

Prepared   by J.  E.  BROZEK 
Physicist 

Reviewed   by H.   A.  SOKOLOWSKI 
Chief 
Propellant Physics Section 

S.  ROSS 
Chief 
Medium and  Low Energy System 
Ballistics  Branch 

Approved by W.  J.  KROEGER 
Director 
Physics  Research Laboratory 

C.   C.  FAWCETT 
Director 
Pitman-Dunn  Laboratories  Group 

For JOSEPH  M.   COLBY 
Brigadier  General,  USA 
Commanding 



TABLE   OF   CONTENTS 

Page 

INTRODUCTION 

DESCRIPTION   OF   SYSTEM 

Canopy   Jettison   System 

Cartridge   Actuated   Devices   of   System 

EXPERIMENTAL   PROCEDURE 

Test   Procedure 

Instrumentation   and   Test   Apparatus 

TEST   RESULTS   AND   DISCUSSION 

CONCLUSIONS 

RECOMMENDATION 

APPENDIX 

REFERENCES 

Distribution 

1 

1 

1 

6 

28 

28 

32 

37 

55 

56 

57 

67 

68 



OBJECT 

To evaluate ballistically the proposed canopy jettison system for 
the B-57B airplane. 

SUMMARY 

The canopy jettison system for the B-57B aircraft has been evalu- 
ated by ballistic tests. The system consists of an M5 thruster for 
release of the canopy latches, an M3 remover for jettison of the canopy, 
and initiators with pressure tranemission systems for actuation of these 
devices. 

Tests were conducted to obtain data on the following: 

(1) Study of the performance of the M3 remover propelling various 
mass loads; 

(2) Study of the performance of the M5 thruster operated against 
a combined force and mass load approximating service conditions; 

(3) Study of the function of the firing mechanism of the M3 re- 
mover with remover in tension and actuated by an M3 initiator through 
flexible hose; and 

(4.) Evaluation of performance of initiating systems which form 
parts of complete canopy jettison system. 

The results of these tests have indicated that the canopy jettison 
system as proposed is satisfactory as far as ballistics are concerned. 

AUTHORIZATION 

FA 334/6231-1, 11 fey 53, 1st Ind WADC to FA 
00 452.1/39, FA 452/1558, 30 Jun 53 
00 113/1237, FA 121/16620, 13 Oct 53 



INTRODUCTION 

In conjunction with the development of the B-57B aircraft, 
Glenn L. Martin Company, with the assistance of the Pitman-Dunn 
Laboratories Group of Frankford Arsenal, formulated plans for a 
combined ballistic and mechanical system to be used in emergency 
escape from this aircraft. Because of the time limitations no 
attempt was made to develop new ballistic devices. Complete re- 
liance was placed on the available standardized cartridge actuated 
devices. 

Emergency escape from this aircraft is accomplished in three 
phases: canopy jettison, control column stowage, and personnel 
ejection. The control column stowage and personnel ejection oper- 
ations are initiated as a result of successful canopy jettison. 
The system is designed to insure proper sequence of operation. 

In this project FranWord Arsenal undertook to investigate the 
ballistic performance of the system proposed for use in the emer- 
gency canopy jettison operation. For convenience the project was 
divided into five phases, each phase being concerned with a specific 
area of investigation. Performance requirements for system compo- 
nents were established after investigation of the various aspects of 
the canopy jettison operation. Test conditions were established to 
reflect the most stringent requirements service conditions can make 
on the performance of the system. In this report each phase is 
treated separately. 

DESCRIPTION OF SYSTEM 

Canopy Jettison System 

The complete canopy jettison system is a complex assembly of 
ballistic and mechanical systems. In emergency escape it performs 
two functions: release of the canopy latches and jettison of the 
canopy. The equipment associated with emergency canopy jettison 
may be considered in two main categories: (1) equipment which is 
part of the service structure of the aircraft (canopy, canopy latches, 
hydraulic ram, etc.), and (2) ballistic systems (cartridge actuated 
devices and the ballistic assemblies used in device initiation). 
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A functional diagram of the canopy jettison system is shown 
in Figure 1. In this diagram the relative position occupied by 
each system component and its designation are shown. The diagram 
does not represent the actual spatial configuration the system as- 
sumes in the aircraft. 

In the emergency escape operation, canopy jettison is effected 
by operation of the M3 remover. The remover is mounted in tandem 
with an hydraulic actuating cylinder and is attached to the canopy. 
The canopy is hinged at one end; for successful jettison it must be 
rotated through an angular displacement about the hinge, k schemat- 
ic diagram showing the geometry of the canopy and mechanical data 
is shown in Figure 2. 

The canopy latches in the B-57B aircraft are interconnected 
and are operated from one power source. In emergency canopy unlock 
the M5 thruster provides the power for this operation. The latch 
system is not massive but does provide considerable resistance to 
movement. Load vs stroke curves (Figure 3) show the opposing load 
provided by the latch systems for the following latch settings: 
aft, nominal, and forward. The resistive load declines rapidly 
with travel. Three inches of power stroke are required to complete 
canopy unlock. 

The M5 thruster provides one other function. After canopy un- 
lock has been effected, the continuing motion of the thruster piston 
is used to operate the M3 initiator which operates the M3 remover. 
A spring coupling joins the thruster piston and the initiator pin; 
thus proper sequence of the operations of canopy unlock and canopy 
jettison is assured. 

The canopy jettison operation may be initiated from any one of 
three positions: navigator's seat, pilot's seat, and outside (for 
ground rescue). Function of the canopy jettison system commences 
with operation of any one of the three initiators mechanically fired 
at one of these positions. Propellent gas from the initiator is 
transmitted through an assembly of flexible hose (AN6271-A) and 
various fittings (type AK, size U)  and operates the firing mecha- 
nism of the M5 thruster. The transmission lines used in the initi- 
ation of the M5 thruster are maintained as independent channels by 
the use of check valves at the juncture of the three lines. This 
prevents gas from flowing into the unfired initiators, which would 
result in large pressure losses. Quick disconnects are included in 
the transmission lines for the initiators at the pilot's position 
and navigator's position, for convenient deactivation of the system 
without complete disassembly. After canopy unlock the second M3 
initiator is fired and propellent gas from this initiator travels 
through a transmission line consisting of flexible hose (AN6271-4.) 

-/ 
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Nqg. #30856 
R-I3I47 

CENTER  OF  PERCUSSION 

ATTACHMENT  POINT   FOR 
REMOVER 

CENTER   OF GRAVITY 

CANOPY 

WEIGHT   OF   CANOPY  * 301  LBS 

MOMENT   OF   INERTIA  ABOUT  HINGE   «  25?.   SLUG-FT1 

Figure 2.    Schematic diagram,   B-57B aircraft canopy geometry 
and mechanical data 
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and various fittings (type AN, size U),  and operates the booster 
initiator (M5 initiator). A quick disconnect* is also provided 
for this transmission line. Propellent gas from the booster ini- 
tiator then operates the M3 remover, which jettisons the canopy. 

The selection of components and the configuration of the 
system was largely dictated by the layout of the cockpit. The 
assembly distances between the remover, the thruster, and their 
initiators are as short as is practicable without sacrifice of 
compatibility of system configuration with other aircraft equip- 
ment and operational reliability of the canopy jettison system. 

Cartridge Actuated Devices of System 

Initiator. M3 

The M3 initiator (Figures U  and 5) is a device which 
generates propellent gas for the initiation of gas-operated car- 
tridge actuated devices. This device is mechanically operated by 
withdrawal of the initiator pin. This is accomplished with a force 
of between 20 and 35 lb through a distance of 5/8 in. As Figure 5 
shows, the initiator pin is surrounded by a coil spring and is 
joined to the firing pin by steel release balls which are seated 
partly in the locking groove of the initiator pin and partly in 
holes in the firing pin. When the initiator pin is withdrawn into 
the rear portion of the firing pin housing, which has a larger di- 
ameter than the forward portion, the balls are released, separating 
the firing pin from the initiator pin. The forward motion of the 
firing pin is arrested by the forward end of the firing pin housing 
to prevent excessive pin protrusion, which could cause primer cup 
puncture. 

The initiator is assembled with the end of the cartridge 
retainer flush with the chamber wall. The face of the cartridge 
retainer is provided with four diametral grooves which, together 
with the chamber wall, form eight gas-metering orifices. The rate 
of gas flew, an important factor in ballistic performance of the 
initiator, is regulated by these orifices. The envelope drawing 
and assembled view of the M3 initiator are shown in Figure U.    The 
assembly drawing (sectional view) and exploded view are shown in 
Figure 5. Curves showing performance in simple ballistic systems 

*For further details concerning the quick disconnects, see Refer- 
ence 12. 
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Figure U.    K3 initiator 

A - Envelope drawing 
B - Assembled view 
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CROSS-SECTION DRAWING 

A Pia Inltutor A1X-92-12 9*-3-U 
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J tertrldca, CAD, H38 M.X-M-1 95-1-15A 

I Pin, Srf.ty ALI-92-15 9*-3-«) 

AlMahlT Drawlng B.x-ja-i 94-J-2A 

PirU Ult 

EXPLODED VIEW 

Fieure 5.    Cross-section drawlng and exploded view, M3 initiator 
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consisting of the M3 initiator, flexible hose, and a chamber (volumes: 
0.062 and 0,588 in.3) are shown in Figure 6, Peak chamber pressure is 
plotted against length of flexible hose in the system. Engineering 
data concerning the M3 initiator follow. 

Bursting pressure        12,100 psi 
Volume (cartridge open)    2.3 in.3 
Assembled weight 0.9 lb 
Force required to pull 
initiator pin 20 to 35 lb 

Initiator. M5 

The M5 initiator (Figure 7) was developed by the modification 
of the M3 initiator. The major difference between these devices is the 
method of operation. Several components (chamber, cartridge, retainer, 
etc) of both devices are identical. The M5 initiator is operated by the 
action of propellent gas on the firing pin, which is held in place by a 
shear pin. When sufficient pressure is developed, the firing pin is re- 
leased. 

The envelope drawing and assembled view of the M5 initiator 
are shown in Figure 7. The assembly drawing (sectional view) and ex- 
ploded view are shown in Figure 8. Performance curves are shown in 
Figure 6. Engineering data concerning the M3 initiator apply also to 
the M5 initiator except for the method of firing. 

This device is used in escape systems as a booster.  In the 
design of an escape system it is often necessary to maintain an assem- 
bly distance between the cartridge actuated device and its initiator, 
which is too long for reliable initiation with a single initiator.  In 
such circumstances an M5 initiator may be included in the transmission 
line at an appropriate place. The device is also used with by-pass 
type thrusters and similar by-pass devices, 

Thruster, H5 

Certain operations connected with emergency escape from high 
speed aircraft, such as canopy unlock, canopy or tail turret jettison, 
and other such operations, frequently require the apolication of large 
forces over a short period of time (of the order of 0,01 to 0.08 sec). 

One device frequently used in such applicnticns is the r.5 
thruster. This device is capable of delivering large amounts of power 
and occupies little space in installation (assembly length, 12.1 in. 
and power stroke, 5 in,). 

The thruster consists essentially of a firing head assembly, 
body, piston, and M38 cnrtridge. Thrust is developed by the action of 
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Flgore 7. Initiator with Cartridge, M5 (T$) 

A - Envelope drawing 
B - Assembled view 
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Figure 8,    Cross-section drawing and exploded view,  Initiator, M? (I*)) 
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pressure on the unsupported area of the piston. The device is initi- 
ated by propellent gas from an initiator or other source. 

The ballistic performance of the M5 thruster varies with 
firing temperature and inertial and resistive forces operating in 
the direction of opposing motion of the piston.* 

Assembled and exploded views of the M5 thruster are shown 
in Figure 9; the assembly drawing (sectional view), in Figure 10; 
engineering data are given in Table I. Curves showing thrust-time 
and thrust travel performance for the M5 thruster propelling a 323-lb 
weight vertically upward are shown in Figure 11. 

Table I. Engineering Data, M5 Thruster 

Stroke 5 in. 
Bursting pressure, body 20,800 ps 
Area, piston 1.0 in.2 
Thruster internal volume 

Initial 2.78 in.3 
Final 7.86 in.3 

Weight, total assembly 3.61 lb 
Force required to unlock piston 60 lb 

Note: Throughout this report mention is made of Thruster, T^El. 
This nomenclature applies to the development model of Thruster, 
M5. There is no substantial difference between the two models. 

Canopy Remover. M3 

In emergency escape from high speed aircraft, to insure 
safety of personnel the canopy must be jettisoned prior to personnel 
ejection. This operation usually involves rotation of the canopy 
through an angular displacement and, in some types of aircraft, recti- 
linear displacement is also required after the rotation has been com- 
pleted. The thrust and energy required for jettison are provided by a 
cartridge actuated device cf either the thruster or canopy remover type, 
depending upon the requirements of the aircraft. 

•Performance data for the M5 thruster fired under the conditions: 
locked shut; propelling mass loads vertically; and propelling mass 
loads horizontally, with shear pins restraining motion at the begin- 
ning and end of stroke, are presented in Reference 12, 

Performance data for the M5 thruster fired in a mechanical system 
providing approximately constant resistive force with negligible inertia 
are presented in Reference 13. 
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Figure 10.    Assembly,  Thruater, Cartridge Actuated, M^Al 
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The M3 remover is a two-tube telescoping device consisting 
essentially of a firing head, cartridge, outer tube, inner tube, and 
base cap. In installation, the remover is mounted at both the base 
cap and firing head. The remover is approximately 30 inches long and 
has a stroke of 26 inches. 

This device is initiated by propellent gas which is intro- 
duced into the firing head, from an initiator, through a transmission 
line. Gas pressure continues to rise in the firing head, behind the 
firing pin, until the shear pin is sheared by the motion of the firing 
pin.  After pin shear, the firing pin moves forward and draws the latches 
in toward the center, unlocking the remover. The firing pin continues 
moving forward until it strikes the primer, firing the cartridge. 

Representative performance curves for the M3 remover* are 
shown in Figures 12 and 13. The maximum thrust produced when the re- 
mover is fired locked shut is approximately equal to the maximum thrust 
produced when the remover is fired propelling a 300-lb load horizontally. 
This result is explained by the fact that the propellent is completely 
burned before appreciable expansion has taken place. This is an impor- 
tant factor in remover performance, for it gives assurance that in the 
event the canopy should jam, there will be no danger of remover rupture 
with its attendant personnel hazards. The assembled and exploded views 
of the M3 remover and the envelope drawings are presented in Figure 14.; 
the assembly drawing and designation of components are presented in 
Figure 15. Engineering data for the M3 remover are given in Table II. 

*Performflnce data for the M3 remover, fired vertically propelling mass 
loads of A00, 600, 800, and 1000 lb, are presented in Reference 13. 
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Figure 1%,    Assembly, M3 remover 
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Table II. Engineering Data, M3 Remover 

Stroke, total 
Area, inside tube 
Weight 

Inside tube 
Outside tube 
Total assembly 

Bursting pressure 
Inside tube 
Outside tube 

Remover internal volume 
Initial (cartridge open) 
Final (tube separation) 

Safe structural strength* 
Compression 
Tension 

26.0 in. 
1.58 in.2 

0.9 lb 
1.3 lb 
U.U  lb 

6350 psi 
^670 psi 

69 in.3 
110 in.3 

8000 lb 
2000 lb 

*Based on specification; values in excess of this have been 
obtained in test. 

Cartridge. CAD. M38 

Cartridge, CAD, M38, is used in the M3 initiator, M5 
initiator, and M5 thruster. This cartridge is actuated by a per- 
cussion-sensitive primer (No. 26) and contains, as propellant charge, 
2.8 gm M5 prooellant (Lot 794-4-) and 1 gm black powder (Grade A4-). 

The assembled cartridge includes the aluminum cartridge 
case with propellant and igniter, the head assembly with primer, and 
auxiliary components to provide sealing. 

The primer is sealed with the aluminum disc which covers 
the primer and retainer.  In assembly, the lip of the cartridge case 
is crimped around the "0" ring, which is seated on the retainer. This 
arrangement provides adequate sealing and is effective against a pres- 
sure differential of 12 psi. The assembly drawing (cross-section view) 
of the M38 cartridge and the exploded view of its components are pre- 
sented in Figure 16. Engineering data for this cartridge are given in 
Table III. 
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Neg. #30aoU 
R-13^7 

(A) (B) (C 

Component 
Development 
Drawing Number 

Ordnance 
Drawing Number 

A Primer 7h-2.h2 A500O131 

E Disc ALX-3U-3 95-1-16B 

C "0" Ring AN6227-9 CKCX2501221 

D Retainer, Primer AU-3U-5 95-1-16A 

F Case kLX-3U-l 9?-l-l6C 

F Propellant & Igniter 

Assembly Drawing TLX-lh-l 05-1-15A 

Figure 16, Assembly and exploded view of the M38 cartridge 
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Table  III.     Engineering Data for Cartridge,  CAD,  M38 

Propellant 
Charge 2.8 gm 
No. of perforations 7 
Diameter, outside 0.195 in. 
Diameter, perforation 0.0125 in. 
Length 0.^62 in. 
Web 0.039 in. 
Specification JAN-P-323 
Type M5 
Lot (Radford Ordnance Works) 79U 
Composition (nominal %) 

Nitrocellulose (13.22$ N) 75.50 
Nitroglycerin 20.00 
Barium nitrate 1.50 
Potassium nitrate 1.00 
Graphite 0.75 
Diphenylamine 0.25 
Dinitrotoluene 1.00 

Igniter 
Charge 1.0 gm 
Typo Black powder 
Grade AA 
Specification JAN-P-223 

Primer 
Charge 0.4 gr 
Type Percussion 
Designation No. 26 
Composition FA 70 
Drawing A5000131 

Note:     Experimental M38 cartridges were loaded with 
M2  propellant  (Radford Ordnance Works),   Lot 
5280-4.2.     Propellant  grain dimensions follow. 

Diameter 0.203  in. 
Diameter, perforation           0.014, in. 
Length 0.^32 in. 
Web 0.040 in. 
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Cartridge. CAD. M31A1 

Cartridge, CAD, M31A1, is used in the M3 aircraft canopy 
renover. This cartridge has a percussion sensitive primer (artil- 
lery type M6l) and contains a propellant charge of 23 gm M2 propel- 
lant (Lot HPC A281-A1), and 25 gr black powder (grade Al) which 
serves as the igniter. 

The assembled cartridge includes the aluminum cartridge 
case with propellant charge, the head assembly with primer and 
igniter, and auxiliary components to provide sealing. 

Sealing of the primer case is provided by an aluminum disc 
which covers the cartridge head, retaining ring, and firing plug.  In 
assembly, the lip of the cartridge case is crianped around an "O" ring 
seated on the disc above the cartridge head. This sealing arrangement 
is effective against a pressure differential of 12 psi. The assembly- 
drawing (cross-section view) of the M31A1 cartridge and an exploded 
view of the components are presented in Figure 17.  Engineering data 
are presented in Table IV. 

25 

J 



Neg. #30U05 
R-13U7 

r- 

7..9\   MAX 

® ® 

CoMponant 
DeTalopaent 
Drawing Nuaber 

Ordnance 
QrawlB| Hater 

A Propellmnt 

B frimtT 71.-2-142 714-2-1.2 

C Spring,  Retaining ALI23-« 7S-1-291F 

D Hod AU23-5 7S-1-291B 

I Ring, Retaining AU23-9 7S-1-2910 

r Dl«<: »IJC3-7 7S-1-293J{ 

a Plug, firing 71-J-78K 7S-1-2V1L 

H "0" Ring «•62278-18 AÄ227B.18 

I Igniter 

J Disc,  Igniting Charge KLBS-l 7S-1.2«1E 

K Ceae ALJ23-11 7S-1.29LA 

Aasenblor Drawing AU23-1 75-1-290 

Parta U»t AL123-2 

C J I O     B     C     C 

*s-'0   O 

Figure 17.    Aaaembly and exploded view of the M31A1 cartridge 
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Table IV.     Engineering Data, M31A1 Cartridge 

Propellant 
Charge 23.0 gm 
No. of perforations 1 
Diameter, outside 0.073 in. 
Diameter, perforation 0.007 in. 
Length 0.2^3 in. 
Web 0.033 in. 
Specification JAN-P-323 
Type M2 
Lot (Hercules Powder Co.) 4281-U 
Composition (nominal %) 

Nitrocellulose (13.22% N) 75.50 
Nitroglycerin 20.00 
Barium nitrate 1.50 
Potassium nitrate 1.00 
Diphenylamine 0.75 
Graphite 0.25 
Dinitrotoluene 1.00 

Igniter 
Charge 25.0 gr 
Type Black powder 
Grade Al 
Specification JAN-P-223 

Primer 
Charge 1.0 gr 
Type Percussion 
Designation Artillery type 
Composition FA 70 
Drawing 1U-2-A2 

Note:    Experimental M31A1 cartridges were loaded with M2 
propellant  (Radford Ordnance Works),  Lot 5316. 
Propellant grain dimensions follow. 

Diameter 0.069 in. 
Diameter, perforation              0.009 in. 
Length 0.25 in. 
Web 0.030 in. 
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EXPERIMENTAL PROCEDURE 

Prior to acceptance of an escape system proposed for aircraft 
installation, tests must be performed to establish reliability for 
the system as a whole and to obtain a performance history of the 
system operated under the most severe conditions possible in serv- 
ice. Standard cartridge actuated devices are used in this escape 
system. A performance history for each device has been established 
by numerous tests under test conditions in accordance with the spe- 
cifications. When used as components of this escape system the de- 
vice must operate satisfactorily under conditions peculiar to in- 
stallation in the aircraft. These conditions are often quite dif- 
ferent from those based on specifications. It must be established 
by system tests that the cartridge actuated devices can be reliably 
initiated within tne escape system and that their performance under 
conditions of service will be satisfactory. 

The evaluation program was conducted in five phases. The spe- 
cific objectives and experimental procedure followed in each phase 
are explained in detail below. 

Test Procedure 

Phase A; Preliminary Performance Evaluation of Transmission 
System 

Prior to performance evaluation of the canopy jettison 
system as a whole, a program was established to test certain por- 
tions of the system whose performance appeared to be somewhat un- 
certain. The system was accordingly divided into three subsystems, 
each of which is independent of the others as far as gas trans- 
mission is concerned. They are: ground release control, pilot's 
control, and remover operation. Details of the tests follow. 

Ground Release Control System: M3 initiator through 9 in, 
stainless steel tubing, union bulkhead (AK332-ii), 50 in. flexible 
hose (AN6271-4), check valve (AN6249-4.),* cross (AN937-A) with ex- 
posed sides plugged, union (AN815-iO, 12 in. flexible hose (AN6271-A), 
union (AN815-4.), to T4.E1 thruster, with M38 cartridge (primed only). 

♦Fitting is described in Reference 13, 
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(a) Five function tests were conducted with system conditioned 
at -65° F. 

(b) Thruster was replaced in system with pressure block (volume 
0.062 in.3); the system, conditioned at -65° F, was fired five times. 

Pilot's Control System: M3 initiator through 10 in. flexible 
hose (AN6271-4.), Wiggins "disconnect, 72 in. flexible hose (AN6271-0, ^5° 
elbow (AN837-4), U in. flexible hose (AN6271-4), check valve (k862tf-i), 
cross (AN937-4.) with exposed sides plugged, union (AN815-4.), 12 in. flexi- 
ble hose (AN6271-.4). union (AN815-4), to Thruster, T4E1, with M38 car- 
tridge (primed only), 

(a) Five function tests were conducted with system conditioned 
at -65° F. 

(b) Thruster was replaced in system with pressure block (volume 
0.062 in.3); five rounds were fired with system conditioned at -65° F. 

Remover Operation System; M3 initiator through 23.5 in. 
flexible hose (AH6271-4.), Wiggins disconnect, 11.5 in. flexible hose 
(IN6271-4), bulkhead union (AN832-^), flexible hose (AN6271-4.). union 
(AN815-0, 18 in. flexible hose (AN6271-iO, A50  elbow (AN837-4), 12.5 
in. flexible hose (AN6271-4.), nipple (ANBI6-4.), to M3 remover with 
M31A1 cartridge (primed only). Pressure in the firing block of the 
remover was recorded. 

(a) Eight rounds were fired with the system at -65° F. 

(b) Three rounds were fired with system at ambient (room) tem- 
perature. 

Pnase B; Performance Evaluation of Remover. M3 

A series of test firings was conducted in which T6 removers 
(approximating in performance the M3 remover) were fired on the hori- 
zontal test track* propelling 300-, ,400-, and 500-lb weights. The loaded 
removers were conditioned at extreme temperatures (-65° and l60o F), 
prior to firing, for a minimum of 3 hours. 

The removers were loaded with the cartridge containing the 
charge used in the M3 remover (Cartridge, M31A1; propellant charge, 23 
gm RAD 5316; igniter, 25 gr Al black powder).  Internal pressure and 

*For information concerning the horizontal test track, see Reference 3. 
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velocity at tube separation were recorded.  Thrust and acceleration 
were calculated froir the pressure records.  Travel vs time perform- 
ance was obtained by double integration of the auceleration-time 
performance information. The integration process consisted of trans- 
ferring the information from the pressure-time oscillogram to punched 
cards, and numerically integrating with a digital computer. 

A program of test firings was conducted in which M3 re- 
movers were operated on the vertical test track propelling 300-, 
4.00-, and 500-lb loads.  The removers with cartridge were conditioned 
for a minimum of 3 hours at -65° F prior to firing. Pressure-time 
performance and travel of the propelled mass as a function of time 
at positions of one inch were recorded. Velocity was calculated from 
travel information. 

Phase C; Performance Evaluation of M5 (T4.E1) Thruster 

A series of test firings was conducted under special test 
conditions which approximated conditions of service.  In these tests 
the thruster propelled a weight of 20 lb horizontally.  A steel shear 
pin, rated to shear at 1000 lb force, was provided to give an initial 
resistance.  The thruster was instrumented to record internal pressure 
and piston stroke as functions of time. Firings were conducted as 
follows. 

(a) Five rounds with thruster conditioned at -65° F for a mini- 
mum of 3 hours prior to firing. 

(b) Five rounds with thruster conditioned at 160° F for a mini- 
mum of 3 hours prior to firing. 

Phase D: Evaluation of Operational Reliability of Remover. l?3, 
under Tension Loading Conditions 

Under certain conditions of plane attitude, severe airframe 
warpage can occur. Under such circumstances the remover may be re- 
quired to support tension loads of as much as 10,000 lb.  It was con- 
sidered necessary to investigate the possibility that the remover fir- 
ing mechanism cannot be operated with reliability while the remover 
is in tension.  A program of tests was conducted in which the remover 
was initiated while under tension.  To simulate service installation, 
the remover was initiated with an M3 initiator through flexible hose. 
The pressure-time relation in the  remover firing block was recorded. 

In these tests the remover was assembled with an M31A1 car- 
tridge containin?: a primer but no propellant.  The remover was placed 
in tension by means of a special mounting frame, screw jack, and dyna- 
mometer. Firings were conducted as follows. 

30 



I 

System; M3 initiator, 2.5 ft flexible hose (AN6271-4.), 90° 
elbow with pressure station,* to M3 remover. 

(a) Four rounds for each tension load, commencing with zero and 
proceeding by increments of 750 lb to 4-500 lb tension, and four rounds 
at 5500- lb tension.  The remover, initiator, and connecting flexible 
hose were conditioned at -65° P for a minimum of 3 hours prior to firing. 

(b) Same as (a) except that the systems were conditioned at 160° F. 

(c) Three rounds for each tension load, commencing with 6500 lb 
and proceeding by increments of 1000-*lb and 9500- lb tension. The remover, 
initiator, and connecting flexible hose were conditioned at -65° F for a 
minimum of 3 hours prior to firing. 

(d) Same as (c) except that the systems were conditioned at 160° F. 

System; M3 initiator, flexible hose (AN'271-iO, 90° elbow with 
pressure station, to M3 remover. The remover was placed in 9000 lb ten- 
sion. Systems were conditioned at -65° F for a minimum of 3 hours prior 
to firing. 

(a) One round using 2.5 ft of flexible hose. 

(b) One round using 6 ft of flexible hose. 

(c) One round using 9 ft of flexible hose. 

, (d) Six rounds using 10 ft of flexible hose. 

Phase S; Final Performance Evgluation of Transmission System 

The final transmission system evaluation consisted of test 
firing ten canopy jettison transmission systems. To facilitate testing 
of the system it was divided into four independent subsystems:  pilot's 
control, navigator's control, ground release control, and booster initi- 
ator (M5) operation. Each subsystem was tested separately. The compo- 
nents of each system are given in detail below. 

Ground Release Control System; Seme as given on p 28 with 
this exception;  "90° elbow with pressure station" replaces the last- 
mentioned "union (AN815-^).n 

Ten systems were conditioned at -65° F for a minimum 
of 3 hours, and then fired.  Pressure in the thruster firirg head was 
recorded. 

*This fitting is described in Reference 14. 
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Navigator's Control System; M3 initiator through 10 in. 
flexible hose UN6271-iO, 27 in. flexible hose (AN6271-4), check valve 
(AN62^9-^), cross (AN937-A.) with exposed sides plugged, union (AN815-4.), 
12 in. flexible hose (AN6271-A), 90° elbow with pressure station, to 
T4JS1 thruster, with M38 cartridge (primed only). 

Ten systems were conditioned at -65° F for a minimum 
of 3 hours, and then fired. Pressure in the thruster firing head was 
recorded. 

Pilot's Control System; Same as given on p 29 with this ex- 
ception:  "90° elbow with pressure station" replaces the last-mentioned 
«union (AN815-4)." 

Ten systems were conditioned at -65° F for a minimum 
of 3 hours, and then fired. Pressure in the thruster firing head was 
recorded. 

Booster Initiator Operation System; M3 initiator through 
26 in. flexible hose (AN6271-4.). Wiggins disconnect, 11.4 in. flexi- 
ble hose (AN6271-4), bulkhead union (AN832-4), 73 in. flexible hose 
(AN6271-ii,), 90° elbow with pressure station, to M5 initiator. 

Ten systems were conditioned at -65° F for a minimum 
of 3 hours and then fired. Pressure at the initiator inlet port was 
recorded. 

These tests supplied a performance history for ten 
complete canopy jettison systems for the B-57B aircraft. 

Instrumentation and Test Apparatus 

The ballistic parameters obtained in the test programs of this 
project were internal pressure, time, travel of propelled load, and 
velocity. With the exception of velocity, the ballistic parameters 
were recorded as voltage information impressed on an oscilloscope. 
A special moving film camera was used to obtain a permanent record 
of the signal. 

All pressure-time performance information was obtained by use 
of a piezoelectric pressure transducer in conjunction with electronic 
amplifying equipment and an oscilloscope.  Time was recorded by blank- 
ing the oscilloscope beam with an oscillating voltage of fixed frequency. 

In the test firings associated with the performance evaluation of 
the M5 thruster, electrical contact was made at positions one-tenth inch 
apart,to record travel of the thruster piston. 
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The vertical test tower was used for tests in which the M3 remover 
was fired vertically upward, propelling various loads.  Instrumentation 
techniques used in connection with the test tower include use of a sys- 
tem of electromagnetic pickups arranged to record travel in increments 
of one inch.  As the carriage with load passes a pickup, it changes the 
magnetic reluctance of the pickup circuit.  An electromotive force is 
thus generated. This signal is fed into a simple resistance-capacitance 
integrating circuit and the oscilloscope. The output voltage informa- 
tion from the travel recording circuits consists of a continuous signal 
of varying amplitude. The function form is characterized by a series 
of maxima which approximate cusps. Each maximum represents completion 
of one inch of travel.  Pressure, time, and travel information are re- 
corded simultaneously.  A representative oscillo-record is shown in 
Figure 18. 

In test firings with the T6 remover on the horizontal test track, 
velocity at tube separation was measured. Velocities were computed from 
counter chronograph measurements of the travel time of the carriage over 
a specific distance (5 ft).  Electrical contacts at each end of the base 
line served as travel markers. 

In aircraft installations, catapults and canopy removers are fre- 
quently placed under severe longitudinal stress by external loads ap- 
plied through radial acceleration and airframe warpage due to aerodyna- 
mic loading of the canopy.  It is often necessary to determine what ef- 
fect such external loads have on the successful operation of these units. 
To facilitate the performance of such test firings, a special mounting 
frame with adapters was designed and fabricated for placing removers and 
catapults under loads (tension and compression) through their normal 
mounting points.  In a test firing, the units are under load only while 
locked. Since the cartridge actuated devices vary in size and type of 
mounting, different adapters are required for each type. The mounting 
frame and adapters used in test firings of the M3 remover appear in 
Figure 19 and 20. 

The mounting frame consists of two columns which support three 
oarallel beams. The beams have mounting holes into which adapters are 
fitted, supporting the unit to be tested.  In test firings of the M3 
remover, only the beams at either end are fitted with adapters. The 
center beam serves as a guide only. The pieces required to locate the 
remover in the fixture and apply tension loading are displayed on the 
right in Figure 20. From top to bottom they are as follows. 

(a) Clevis, with l/k  in. diameter pin to engage the dynamometer. 
It is threaded at one end to receive a nut for longitudinal adjustment, 
A thrust bearing is provided for ease in turning the nut when applying 
loads. 
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Neg. #30863 
R*13lt7 

Figure 19.    M3 remover installed in tension test fixture 
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Neg. #3(3110 
R-13li7 

Figure 20.    Adapter required for testing Remover with Cartridge, M3 

A - Clevis 
B - Dynamometer 
C - Link 

D - M3 Remover 
E - Cap 
F - Mounting frame 
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(b) Dynamometer, 0 to 15,000 lb capacity, for measuring the load 
applied. 

(c) Link, with a 3/4. in. diameter pin at one end to locate the 
dynamometer and, in the opposite end, a 3/8 in. diameter pin to position 
the blade of the remcver block. The link is in two parts, joined by a 
single bolt, permitting rotation of the ends.  This allows proper align- 
ment when a gage is used to record pressures in the firing head. 

(d) M3 remover 

(e) Cap, with a 3/8 in. pin to provide proper trunnion mounting 
at the base of the remcver. 

(f) Mounting frame. 

TEST RESULTS AND DISCUSSION 

The tests performed in the evaluation of the escape eystem proposed 
for the B-57B aircraft have been described under section "Experimental 
Procedure." The results of the evaluation program are presented in de- 
tail below.  Each phase is treated separately; round by round data fol- 
low in the Appendix. 

Phase A:  Preliminary Performance Evaluation of Transmission System 

The tests conducted in this phase were to evaluate the perform- 
ance cf the various independent transmissicn subsystems which comprise the 
canopy jettison system, as originally proposed.  A summary of the results 
follows. 

Ground Release Subsystem: The five function tests all resulted 
in initiation of the thruster. The performance cf this subsystem is sum- 
marized as follows. 

Peak Pressure (psi) in Pressure Block (5 Test Firings) 
Maximum t'inimum Average 

1560 USD 1500 

Pilot's Control Subsystem: The five function tests all resulted 
in initiation cf the thruster.  The performance cf this subsystem is sum- 
marized as follows. 

Peak Pressure (psi) in Pressure Block (5 Test Firings) 
Maximum Minimum Average 

1360 1050 1190 
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On the basis of these tests it was concluded that the thruster 
could be reliably initiated in these subsystems. 

Remover Operation Subsystem; In none of the eight test 
firings with this subsystem conditioned at -65° F was the remover 
initiated. The performance is summarized below. 

Peak Pressure .(.psi) in Remover Firing Block (8 Test Firings) 
Maximum Minimum Average 

870 U0 630 

In two of the three test firings at ambient temperature, the re- 
mover was initiated. In the third test firing the remover was not 
initiated; the shear pin showed evidence of partial shear. The peak 
pressures recorded in both successful firings were also the pressures 
at pin shear; their values were 1020 psi and 1060 psi, respectively. 
The peak pressure recorded in the third test was 1100 psi. 

It was concluded on the basis of both the pressure data 
and the record of unsuccessful initiation that the M3 remover could 
not be reliably initiated in the remover operation subsystem.  It 
was suggested by Frankford Arsenal personnel that an M5 initiator be 
introduced into the subsystem as a booster, thus forming two subsys- 
tems. Thus suggestion was adopted and in the presently proposed es- 
cape system for the B-57B aircraft the M3 remover is initiated by an 
M5 initiator through 16 in. flexible hose with fittings (Figure 1). 
This modified system is evaluated under Phase E. 

Phase P;  Performance Evaluation of Remover. M3 

In this phase of the evaluation program test firings were 
conducted to investigate the performance of the M3 remover propelling 
various loads. From the data obtained it may be seen that 

(a) Peak thrust performance is practically independent of the 
weight propelled and the position in which the remover is fired, al- 
though the performance increases with firing temperature. 

(b) Velocity and mechanical energy output are decreased by 
increasing the weight propelled. Both are significantly lower when 
the remover is fired in the vertical position.  Greater velocity and 
mechanical energy are developed when the remover is fired at the high- 
er temperature. The data are summarized in Tables V and VI. 

33 



TfM« V.   T6 Remover Propelling Uaee Load Horizontally 
(5 Firing» tor each Condition) 

Propelled Mechanical Energy 

Height Temp Peak Thruet (lb) Vel »city ( /•) Devel iped (ft-lb) 

(lb) m Max Hin in May Mln AVfi Wax Mln         Avg 

300 .65 3390 3040 3240 25.5 24.2 2*.7 3140 2830        2970 
300 160 3840 3700 3770 27.0 26.0 26.5 35*0 3270       3*20 
400 .65 3570 3210 33*0 21.4 20.3 20.7 2930 2630        2760 
400 160 3790 36IO 3700 22.2 21.3 21.8 3140 2910       3040 
500 -65 3250 3040 3150 18.2 17.1 17.1 2700 2360        2530 

500 160 3460 3710 3630 19.3 18.7 19.1 2940 2770        2900 

Table VI.    U3 Remover Propelling Mat« Load Vertically Upward 
(10 Firings for each Condition) 

Propelled Mechanical Energy 
Weight Temp Peak Thruet (lb) Velc »city (f/e) Oeve loped (ft-lb) 

(lb) en tux Mln Avg Max Hin Avg Max Hin         Avg 

300 -65 3320 2850 305(f 20.3 18.9 19.6» 2660 2390       2510» 

400 -65 3070 2870 2980 15.7 l*.7 15.1 2460 2260       2350 
500 .65 5100 2820 3000 12.1 10.2 11.2 2260 1920       2100 

Note:    The mechanical  energy developed represents the sum of kinetic and gravitational poten- 
tial energy of the propelled maes at tube eeparatlon.    In vertical firings the poten- 
tial energy ie considered zero at the origin of motion. 

*Average of 9 *••* firing« 

Performance curves for representative test firings of the M3 
remover fired in the horizontal position are  presented in Figures  21 to 
26,   inclusive.     As Figures 23 and 2^ show,  the remover develops maximum 
thrust before any appreciable motion (and volume change) has taken place. 
Since the maximum thrust developed is  largely dependent upon the volume 
in which the propellant burns,  it would be expected that peak thrust  per- 
formance is  practically independent of the weight propelled.    The varia- 
tion of peak thrust with firing temperature is  not so easily explained. 
However,  the difference is believed to be caused in part by (a)  increase 
in rate of combustion of the propellant,   leaving less time for cooling 
(compare Figures 21 and 22),  and  (b) decrease in the rate of heat dissi- 
pation to the walls  of the remover at the higher firing temperature. 
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The time required to complete stroke is significantly in- 
creased by an increase in the weight propelled and by the addition 
of a retarding acceleration field, as in test firings in the verti- 
cal position (Table VII). 

Table VII. Stroke-Time 

Propelled 

Data for M3 (T' '■))  Remover 

No. of Weight Temp Time to Complete Stroke (sec) 
Rounds Position (lb) (oF) Max Min Avg 

5 Horizontal 300 -65 0.154 0.150 0.152 
5 n 300 160 0.U6 0.U4 0.145 
5 it A00 -65 0.182 0.178 0.180 
5 " 400 160 0.178 0.170 0.174 
5 it 500 -65 0.2U 0.200 0.206 
5 it 500 160 0.200 0.194 0.197 

9 Vertical 300 -65 0.181 0.170 0.173 
10 it 400 -65 0.213 0.208 0.211 
10 it 500 -65 0.265 0.248 0.257 

An increase in stroke time results in increased dissipation 
of energy which is lost in raising the wall temperature of the remover. 
Consequently, less energy is available for the production of mechanical 
energy. The initial wall tempersture (firing temperature) significant- 
ly affects the production of mechanical energy because less heat is 
lost to the walls of the remover when they are initially at a higher 
temperature. 

Phase C;  Performance Evaluation of M5 (T4S1) Thruster 

The object of this phase of the evaluation program was to 
determine whether the M5 thruster would provide sufficient force to 
overcome the resistance of the canopy latch system (Figure 3).  In 
these tests the initial restraining force of the canopy latch system 
was approximated with a steel shear pin placed at zero stroke position. 
The moving mass was 20 lb.  The performance data are summarized in 
Table VIII. 

Table VIII.  Performa nee Data for M5 Thruster 

Temo 
(oF) 

Thrust (lb) 
No. of At Pin Shear Peak Final 
Rounds Max  Min  Avg Max  Mi n  Avg Max Min Avg 

5 
5 

-65 
160 

1500 1150 1350 
1720 1270 1490 

1930 1560 1710 
2550 2250 2410 

1470 
2060 

1170 
1930 

1300 
1990 
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. 

Curves prepared from the records of pressure, time, and piston 
stroke for each test round are presented in Figures 27 to 30, inclusive. 
Data on initial, peak, ard final thrust; time to start cf motion; peak 
thrust; and total stroke for each test firing are given in the Appendix. 

It is apparent from Figures 29 and 30 that the M5 thruster is 
capable of providing force which is more than sufficient for the move- 
ment of the canopy latch cylinder. 

The performance of thruster type cartridge actuated devices 
varies with the mechanical system in which they are used. Such external 
conditions as inertial and resistive forces seriously affect both thrust- 
time and thrust-stroke performance.  It must be understood that the data 
shown in Figures 27 to 30, inclusive, and in the Appendix, represent per- 
formance of the thruster only under the test conditions for this program. 
The performance of the M5 thruster under other test conditions is dis- 
cussed! elsewhere,* 

Phase D; Evaluation of Operational Reliability of Remover. M3. 
under Tension Loading Conditions 

A minimuiT' of approximately 800 psi acting on the firing pin 
is required for sheer of the firing pin shear pin in the present design 
of the M3 remover, under conditions of static loading.  It is believed 
that pressure of this magnitude will provide the firing pin with suffi- 
cient energy to unlock the remover and fire the primer. Therefore, suc- 
cessful completion of pin shear under these conditions is tantrmount to 
successful initiation cf the remover. In the tests conducted for this 
phase of the evaluation program, careful study was given to the effects 
of tension leading on the pressure at which pin shear was completed.  A 
significant correlation between pressure at pin shear and tension loading, 
it was believed, would indicate whether initiation failure could be ex- 
pected with more frequency when initiation is attempted while the remover 
is under tension.  In addition, these tests served as function tests.  A 
record was obtained of test firings in which the remever was initiated 
while under tension. 

The major portion of tests for this phase was conducted with 
the remever initiated by an M3 initiator through 2.5 ft of flexible hose. 
These tests were conducted with tension loads up to 9500 lb.  In al] test 
firings the rencver was successfully initiated.  However, in two test 
firings with tensions of 9000 and 9500 lb, respectively, the remover 
failed structurally. The failures were due to rupture at the base caused 
by excessive bending stress in the base cap.  These are not considered 
initiation failures. 

*References Nos. 1, 12, 13, and page 13 of this report. 
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Neg. #30872 
R-13U7 

Strrfce (Inches) 

Figur« 29.    Thrust-stroke performance curves, M^Al thruster, 
propelling 20-lb loadj 1000-lb shear pin at zero stroke 

position;  firing temperature, -65° F 
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Neg. #30873 
R-13U7 

r- r 
Stroke (inches) 

Figure 30.    Thrust-stroke perforwance curves, M5A1 thruster, 
propelling 20-lb load; 1000-lb shear pin at zero stroke 

positionj   firing temperature, l60o F 
51 



An example of the pressure-time recorrls obtained in these 
test firings is shown in Figure 31. Examination of the trace re- 
veals two maxima. The lower (visible in Figure 31 as a break) is the 
pressure at completion of pin shear; the higher is referred to as the 
peak pressure. 

The data on pressure at pin shear are summarized in Figure 
32, which is a graph showing the values of pressure obtained plotted 
against the tension loading on the remover for each test firing. The 
average of all pressures obtained from the test firings in which 2.5 
ft of flexible hose was used in the system, regardless of temperature, 
is also shown in Figure 32.  It appears, on the basis of the data, 
that pressure at pin shear is independent of both firing temperature 
and tension loading. This conclusion applies only to test rirings in 
which the remover was operated with an M3 initiator and 2.5 ft of 
flexible hose. On the basis of these data the relationship between 
tension loading and pressure at pin shear for other lengths of flexi- 
ble hose cannot be predicted. 

A. small number of test firings was conducted under other 
test conditions.  In one program, 9 test firings were conducted with 
the system at -65° F and the remover under 900Cklb tension. The ob- 
ject of these tests was a preliminary Investigation into the effect 
of using greater lengths of hose in the system when the remover is 
to be initiated under adverse conditions. One test firing each was 
conducted with hose lengths of 2.5, ^,  and 9 ft, respectively. The 
performance was satisfactory.  Another group of six test firings was 
conducted with 10 ft of flexible hose: in one test firing the remover 
failed to initiate. Examination of the shear pin for this test fir- 
ing revealed that partial shear of the pin had taken place.  While no 
firm conclusions can be drawn from these data, it appears that tension 
loads of sufficient magnitude can affect the operational reliability 
of the M3 remover under certain circumstances. 

Phase E: Final Performance Evaluation of Transmission System 

The tests of this phase of the evaluation program were con- 
ducted in order to provide experimental evidence that the cartridge 
actuated devices (T4.E1 thruster and W5 initiator) could be reliably 
operated when used as part of the proposed escape system.  In this 
evaluation, function testing was combined writh a quantitative study 
of pressure delivered to the firing blocks of the devices during oper- 
ation. The systems were conditioned at -65ü F prior to firing. The 
results of test firings for the four subsystems are summarized in 
Table IX. 
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Table IX. Perl 

sration 

•ormance Data on Subsyst 

Pressure 

ems 

(psi) 
Peak At 1 

Max 

A50 
390 
A00 
A90 

3in Shear 
Subsystem 

Ground release 
Navigator's control 
Pilot's control 
Booster initiator op< 

Max 

Uio 
1510 
1230 
1630 

Min 

1020 
850* 
1050 
U30 

1220 
H30 
iuo 
1500 

Min  Avq 

180  350 
220  320 
290  340 
180  300 

Note: In all test firings the cartridge actuated device was initiated 
successfully. 

*Check valve opened; value not included in average. 

On the basis of the above data it may be presumed that the 
performance of the initiating systems will be satisfactory and that 
the various devices of the escape system can be initiated with a large 
margin of safety so far as initiating pressure is concerned. 

CONCLUSIONS 

On the basis of the work described in this report it is concluded 
that 

1. The proposed canopy jettison system (Figure l) is ballistically 
satisfactory. 

2. The M3 remover will be reliably initiated while in tension not 
in excess of 9000 lb (the structural strength of the remover) by an M3 
initiator through 2 1/2 ft of aircraft flexible hose (AN6271-4). 

3. Peak thrust of the M3 remover is relatively insensitive to any 
increase in inertial load beyond 300 lb. 
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RECOMMENDATION 

It is recommended that an investigation be conducted to determine 
whether circumstances exist under which the firing pin shear pin in a 
gas-operated cartridge actuated device such as the M3 remover can be 
sheared without firing the cartridge. 
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APPENDIX 

PERFORMANCE EVALUATION 

Phase A; Transmission Systsm - Preliminary Tests 

1. Ground Release Control 

a. System: M3 initiator through 9 in. stainless steel tubing, 
bulkhead union (AN832-4.), 50  in. flexible hose (AN6271-4.), check valve 
(AN62A9-A), cross (AN937-A) with exposed sides plugged, union (AN815-A), 
12 in. flexible hose (AH6271-A), union (AN815-4), to T^El thruster, with 
M38 cartridge (primed only). 

Round 
No. 

Temp 
(OF) System Functi 

1 
2 
3 

5 

-65 
-65 
-65 
-65 
-65 

Satisfactory 
n 
n 

n 

n 

b. System: Same as (a), but with thruster replaced by pressure 
block 

Round Temp Peak Pressure 
Ho, 

-65 

(osi) 

1520 1500 
1521 -65 U80 
1522 -65 1560 
1523 -65 U30 
152A -65 1530 

2. Pilot's Control 

a. System: M3 initiator through 10 in. flexible hose (AN6271-^), 
Wiggins disconnect, 72 in. flexible boss (AN6271-4), 45° elbow (AN837-4), 
U in. flexible hose (AN6271-4.), check valve (AN62^9-A), cross (AN937-4) 
with exposed sides plugged, union (AN815-4), 12 in. flexible hose (AN6271-4.), 
union (AN815-4.), to T^El thruster, with M33 cartridge (primed only). 
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Round 
No. 

Temp 
System Function 

1 -65 Satisfactory 
2 -65 n 

3 -65 n 

U -65 » 

5 -65 n 

b. System: Same as (a), but with thruster re 
pressure block 

Round Temp 

cad' 
-65 

Peak Pressure 
No. (oei) 

1515 1050 
1516 -65 1220 
1517 -65 1130 
1518 -65 1360 

1519 -65 1210 

3. Remover Operation 

a. System: M3 initiator through 23.5 in. flexible hose 
(AN6271-4), Wiggins disconnect, 11.5 in. flexible hose ((LN6271-4), 
bulkhead union (AN832-4), 73 in. flexible hose (AN6271-A), union 
(AN8l$-4), 18 in. flexible hose. (AH6271-A), U50  elbow (AN837-0, 
12.5 in. flexible hose (AN6271-A). nipple (AN816-4.), to M3 remover 
with M31A1 cartridge (primed only); firing block instrumented for 
recording pressure. 

Round >, Peak Pressure 
No. (osi) S^rst 

Remover fa 

em Function 

1530 No record iled to initiate 

1531 420 Ditto 

1532 710 Ditto 

1533 950 Ditto 

1534 870 Ditto 

1538 790 Ditto 

1539 510 Ditto 

1540 750 Ditto 
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b. System conditioned at 70° F 

PrBssure (psi)  
Peak   At. Pin Shear 

1535 
1536 
1537 

1020 
1060 
1100 

1020 
1060 

gygt.ftTn Function 

Remover initiated 
Ditt0 .  -XJ  4-^. 
Remover failed to initiate* 

^Evidence of partial pin shear 

Phase B; 

Propellant charge: 
Igniter: 
Cartridge: 

23 gm RAD 5316 
25 gr Al black powder 

M31A1 

Temp 

Peak 
Thrust 

Time to 
Peak Thrust 

(sec)... 

Velocity 
■  (f/s). 

Mechani- 
cal Energy 
Developed* 

(ft-lb) 

Remover fired on horizontal test track 

Propelled mass:    312 lb 

111 -65 3340 

112 -65 3390 

113 -65 3270 

11/. -65 3040 

115 -65 3160 

116 -65 3700 

117 -65 3840 

118 -65 3780 

119 -65 3750 

120 -65 3760 

Propelled mass :  412 : 

121 -65 3240 

122 -65 3430 

123 -65 3570 

124. -65 3240 

125 -65 3210 

126 160 3650 

127 160 3790 

128 160 3720 

129 160 3610 

130 160 3720 

0.022 
0.022 
0.022 
0.020 
0.020 
0.0U 
o.ou 
0.016 
o.ou 
0.016 

0.022 
0.020 
0.022 
0.018 
0.024 
0.016 
o.ou 
0.016 
o.ou 
0.013 

24.4 
25.5 
24.7 
24.2 
24.9 
26.2 
27.0 
26.9 
26.6 
26.0 

20.3 
20.8 
21.4 
20.6 
20.7 
21.9 
21.6 
22.2 
22.1 
21.3 

2890 
3U0 
2960 
2830 
3020 
3330 
3540 
3510 
3430 
3270 

2630 
2770 
2930 
2720 
2740 
3 060 
2990 
3U0 
3120 
2910 

Total 
Stroke Time 

(sec).  

0.152 
0.150 
0.152 
0.154 
0.154 
0.U6 
0.144 
0.144 
0.U6 
0.U6 

0.180 
0.178 
0.178 
0.182 
0.130 
0.174 
0.178 
0.176 
0.170 
0.174 

■*!üechanical energy developed equals the sum of  potential and 
energy of mass  load at tubs separation. 

kinetic 
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Peak 
Round 

No. 
Temp Thrust 

Propelled mass :    512 

131 -65 3250 
132 -65 3180 
133 -65 3040 
134 -65 3040 
135 -65 3250 
136 160 3670 
137 160 3710 
138 160 3670 
139 160 3638 
UO 160 3460 

Time to 
Peak Thrust 

(sec) _ 

0.024 
0.022 
0.026 
0.020 
0.024 
0.018 
0.016 
0.018 
0.018 
0.016 

Mechani- 
cal Energy- 

Velocity  Developed* 
(f/s)    (ft-lb) 

17.2 
18.2 
17.1 
18.2 
18.0 
19.0 
19.3 
19.2 
19.1 
18.7 

2360 
2630 
2370 
2700 
2600 
2880 
2920 
2940 
2920 
2770 

Remover fired on vertical test track (upward) 

Propelled mass: 309 lb 

16-1 
16-2 
16-3 
16^4 
16-5 
16-6 
16-7 
16-8 
16-9 
16-10 

-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 

3320 
3100 
2980 
2830 
3010 
3010 

0.026 
0.022 
0.023 
0.021 
0.022 
0.023 

No 
2980 
3040 
3010 

Propelled mass: 409 lb 

16-11 
16-12 
16-13 
16-14 
16-15 
16-16 
16-17 
16-19 
16-20 
16-21 

-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 
-65 

3010 
3040 
2930 
2870 
2960 
3070 
3020 
2980 
3010 
2950 

0.023 
0.023 
0.023 

0.024 
0.024 
0.023 
0.022 
0.023 
0.023 
0.023 
0.025 
0.025 
C.025 

20.3 
19.6 
19.4 
19.4 
19.5 
19.6 

record - 
19.8 
19.6 
18.9 

15.2 
15.0 
15.4 
14.7 
14.9 
15.2 
15.2 
15.7 
14.9 
15.2 

2660 
2520 
2480 
2480 
2500 
2520 

2560 
2520 
2390 

2360 
2320 
2400 
2260 
2300 
2360 
2360 
2460 
2300 
2360 

Total 
Stroke Time 
, (sec) 

0.214 
0.210 
0.202 
0.200 
0.204 
0.198 
0.196 
0.196 
0.194 
0.200 

0.174 
0.170 
0.171 
0.171 
0.170 
0.171 

0.181 
0.173 
0.173 

0.209 
0.209 
0.208 
0.212 
0.213 
0.211 
0.213 
0.210 
0.213 
0.210 

Mechanical energy developed e.uals the sum of potential and kinetic 
energy of mass load at tube separation. 
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Mechani- 
Peak Time to cal Energy Total 

Round Temp Thrust Peak Thrust Velocity Developed* Stroke Time 
No. (0Fi 

.ed mass 

(ibL 

: 509 lb 

(sec) (f/s) (ft-lb) (sec) 

Propel] 

16-22 -65 3100 0.025 11.5 2150 0.255 
16-23 -65 2960 0.025 11.4. 2130 0.255 
16-24 -65 2990 0.025 10.8 2020 0.260 
16-25 -65 3070 0.025 12.1 2260 0.248 
16-26 -65 3090 0.025 11.4 2130 0.253 
16-27 -65 3010 0.026 11.0 2060 0.261 
16-28 -65 2820 0.025 10.2 1920 0.265 
16-29 -65 2950 0.028 11.5 2150 0.253 
16-30 -65 2980 0.025 11.4 2130 0.255 
16-31 -65 3010 0.025 10.8 2020 0.263 

Mechanical energy developed equals the sum of potential and kinetic 
energy of mass load at tube separation. 

Phase G: M5 (T4B1) Thruster 

Propellant charge; 
Igniter: 
Cartridge: 

2.8 gm RAD 5280 
1.0 gm A4 black powder 
M38 

Thruster fired on horizontal track; shear pin (shear value, 1000 lb) 
placed at zero stroke position. Propelled mass: 20 lb 

Round Temp Thrus 3t (lb) Time (sec ) 
No. Pin Shear Peak Final Pin Shear Peak Total Stroke 

9 -65 1150 1560 1170 0.005 0.012 0.023 
10 -65 1430 1740 1340 0.007 0.013 0.022 
11 -65 1380 1930 1470 0.006 0.014 0.024 
12 -65 1290 1620 1290 0,006 0.014 0.021 
13 -65 1500 1680 125C 0.008 0.013 0.023 

2 160 1720 2430 1930 0.005 o.ou 0.013 
3 160 1510 2550 2060 0.006 0.016 0.020 
16 160 1270 2250 1950 0.004 0.014 0.020 
17 160 1570 2480 2000 0.004 0.014 0.020 
18 160 1360 2360 2020 0.005 0.015 0.021 
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Pbae« D8 Reliability of M3 Removar when Operated ander Teneloa Loading 

SyBtem: M3 initiator through flexible hose and special 90° elbow 
with presBore station to M3 remover with 1I31A1 cartridge (primed only) 

3 
U 
5 
6 
7 
8 
9 

10 

11 
12 
13 •u 
15 
16 
17 
18 

19 
20 
21 
22 
23 
2U 
25 
26 

27 
28 
29 
30 
31 
32 
33 
3A 

Temp iil 
70 

70 

-65 
-65 
-65 
-65 
160 
160 
160 
160 

-65 
-65 
-65 
-65 
160 
160 
160 
160 

-65 
-65 
-65 
-65 
160 
160 
160 
160 

-65 
-65 
-65 
-65 
160 
160 
160 
160 

Hose 
Length 
Cft) 

2.5 

2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

Tension 
Load 
(lb) 

650 

A00 

0 
0 
0 
0 
0 
0 
0 
0 

750 
750 
750 
750 
750 
750 
750 
750 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 

Pressure (pal) 
Shear   Peak  System Function 

1040 

1200 

U60 
1260 
1300 
1280 
1200 
1170 
1300 
1220 

1330 
1230 
1260 
1330 
1280 
1260 
1130 
1200 

1200 
1280 
1130 
1200 
1190 
1170 
1290 
1200 

1330 
1330 
1300 
1200 
1120 
12^0 
1120 
1300 

474.0   Satisfactory 

5210       " 

4350 
4620 
4380 
4430 
3570 
3330 
4380 
3780 

4040 
4220 
4010 
4010 
3330 
3470 
3740 
4180 

3100 
4100 
4020 
3980 
4180 
4030 
3930 
4030 

3820 
3540 
3680 
3700 
3670 
4400 
431^ 
3310 

fi 

« 
n 

M 

n 
n 
« 

n 
H 

n 

it 

n 

n 
11 

« 

11 

n 

n 

n 
ft 

n 
n 
n 

n 
n 
n 

n 
11 

11 

« 
n 
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Round 
No. 

35 
36 
37 
38 
39 

41 
42* 

43 
44 
45 
A6 
47 
48 
A9 
50 

51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 
6A 
65 
66 

67 
68 
69 
70 

71 
72 
73 

Temp 

ÜE1 

-65 
-65 
-65 
-65 
160 
160 
160 
160 

160 
160 
160 
160 
-65 
-65 
-65 
-65 

160 
160 
160 
160 
-65 
-65 
-65 
-65 

160 
160 
160 
160 
-65 
-65 
-65 
-65 

70 
-65 
-65 
-65 

-65 
-65 
-65 

Hose 
Length 
(ft) 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2,5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 

Tension 
Load 
(lb) 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 

3750 
3750 
3750 
3750 
3750 
3750 
3750 
3750 

4500 
4500 
4500 
4500 
4500 
4500 
4500 
4500 

5500 
5500 
5500 
5500 
5500 
5500 
5500 
5500 

6500 
6500 
6500 
6500 

7500 
7500 
7500 

Pressure 
Shear Peak 

1360 3750 
1600 3780 
1260 3410 
1660 3710 
1710 4330 
1390 4340 
1240 3880 
1150 3860 

System Function 

Satisfactory 

1170 
1630 
1400 
1280 

4320 
4550 
4530 
3980 

No record 
No record 
No record 

1030 2940 

1610 
1100 
1390 
1230 

3890 
4290 
3930 
4360 

No record 
No record 

1340    3060 
No record 

1280 3710 
125O 4770 
1320 4160 
1260 4160 
1670 3830 
1350 3620 
1]60 3490 
1350 3610 

1140 
1450 
1300 
1470 

1450 
1210 
1210 

3460 
3800 
3490 
3770 

3330 
3270 
3390 

*0n rounds 42 to 59, incl, the values of peak pressure recorded are 
subject tc small error due to difficulty with piezc  gage. 
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Hose Tension 
Round Temp Length Load Pressure (PSÜ 
No^ (°Fl (ft) (lb) Shear Peak System Function 

7^ -65 2.5 6500 iuo 3910 Satisfactory 
75 -65 2.5 6500 1110 3920 n 
76 -65 2.5 6500 1170 3920 n 

77 -65 2.5 7500 1150 3800 u 
78 -65 2.5 7500 1090 3770 n 

79 -65 2.5 7500 1090 3650 tt 

80 -65 2.5 8500 1030 U020 n 
81 160 2.5 8500 1090 3700 n 
82 160 2.5 8500 1030 ^080 « 

83 160 2.5 9500 1270 3580 n 

8^ 160 2.5 9500 1150 3830 it 

85 160 2.5 9500 1030 36A0 n 

86 -65 2.5 8500 1270 3080 n 

87 -65 2.5 8500 1510 3570 B 

88 -65 2.5 8500 1270 3U0 n 

89 -65 2.5 9500 1390 3320 H 

90 -65 2.5 9500 End cap ruptured*  - - - 
91 -65 2.5 9500 1270 3320 Satisfactory 

92 -65 2.5 9000 End cap ruptured*  - - - 
93 -65 6 9000 1350 2090 Satisfactory 
9^ -65 9 9000 1170 1600 n 

95 -65 10 9C00 1160 1510 n 

96 -65 10 9000 *« 1730 _ _ _ 

97 -65 10 9000 1190 uio Satisfactory 
98 -65 10 9000 1320 1600 n 

99 -65 10 9000 1260 iuo it 

100 -65 10 9000 1350 1630 it 

rw.jvn - ■   -'.'*'.  .v''.-'1- ^ I ■ f-'Vi 

*Failure due to excessive bending stress in hose trunnion 

**Shear pin failed to shear 
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Phase B: Final System Evaluation Tests 

1. Ground Release 

System: M3 initiator through 9 in. stainless steel tubing, 
bulkhead union (AN832-A), 50 in. flexible hose (AN6271-0, check valve 
(AN624.9-A), cross (AN937-4.) with check valves, union (AN865-4-), 12 in. 
flexible hose (AN6271-iO, 90° elbow with pressure station, to T^El (M5) 
thruster, with M38 cartridge (primed only). 

Round Temp Pres ssure  (psi) 
Syst« No. Peak AL Pin Shear 3m Function 

1-1 -65 1370 ^50 Sat: isfactory 
1-2 -65 1360 ao it 

1-3 -65 1020 uio n 

l-U -65 U10 uio n 

1-5 -65 1250 180 n 

1-6 -65 1130 ^20 it 

1-7 -65 1150 360 it 

1-8 -65 10A0 360 11 

1-9 -65 1260 310 it 

1-10 -65 1150 3^0 n 

2.  Navigator's Control 

System: M3 initiator through 10 in. flexible hose (AN6271-4.), 
Wiggins disconnect, 38 in. flexible hose (AN6271-A), A50 elbow (AN837-4), 
27 in. flexible hose (AN6271-4), check valve (AN62A9-A), cross (AN937-/0 
with check valves, union (AN815~A), 12 in. flexible hose (AN627W+), 90° 
elbow with pressure station, to T4.E1 (M5) thruster with the M38 cartridge 
(primed only). 

Round Temp 
(oF) 

Pre£ ssure (psi) 
Syste No. Peak AL Pin Shear n Function 

2-1 -65 1510 3U0 Satisfactory 
2-2 -65 1360 370 it 

2-3 -65 U20 220 n 

2-4- -65 850* 260 11 

2-5 -65 1330 220 n 

2-6 -65 U20 390 ir 

2-7 -65 U80 390 It 

2-8 -65 U20 330 it 

2-9 -65 1^70 390 It 

2-10 -65 1^10 310 It 

*Check valve opened 
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3. Pilot's Control 

System: M3 initiator through 10 in. flexible hose (ANSaVl-A), 
Wiggins disconnect, 72 in. flexible hose (AN6271-i;), ^5° elbow (AN837-iO, 
U in. flexible hose (AN6271-^), check valve (AN6249-^), cross (AN937-0, 
with check valves, union (AN8I5-4.), 12 in, flexible hose (AN6271-A), 90° 
elbow with pressure station, to T^El (M5) thruster with H38 cartridge 
(primed only). 

Round Temp 
(0F) 

Pressure (osi) 
No. Peak At Pin Shear System Function 

3-1 -65 1200 390 Satisfactory 
3-2 -65 1230 370 n 
3-3 -65 1120 340 n 

3-4 -65 1230 400 n 
3-5 -65 1090 310 n 
3-6 -65 1170 290 n 
3-7 -65 1090 340 n 

3-8 -65 1100 330 11 

3-9 -65 1130 330 it 

3-10 -65 I050 290" n 

U.    Booster Initiator Operation 

System; M3 initiator through 26 in. flexible hose (AN6271-,4), 
Wiggins disconnect, 11 in. flexible hose (AN6271-Z.), bulkhead union 
(AN832-4), 73 in. flexible hose (AN6271-0, 90° elbow with pressure 
station to M5 initiator. 

Round Temp 
(oF) 

Pree sure (osi) 
Syste No. Peak At Pin Shear 71 Function 

4-1 -65 U80 * Sati sfactory 
4-2 -65 1540 490 n 

4-3 -65 1430 200 n 

4-4 -65 1450 420 
4-5 -65 1490 180 
4-6 -6^ 1490 380 
4-7 -65 1500 340 
4-8 -65 1630 180 
4-9 -65 1520 270 
4-10 -65 1470 220 

Record defective 
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